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© Process for selective metallization. 



© An improved process for selective metallization of in- 
sulating substrates, as for example in the manufacture of wire 
scribed interconnection boards, is claimed. The substrates 
optionally include one or more metallized notes or cavities for 
electrical connections. The process comprises applying an 
insulating, hydrophobic mask onto the surface of a suitable 
insulating substrate so as to leave exposed selected areas to 
be metallized, contacting the substrate with an activator solu- 
tion for a time period sufficient to deposit a catalytic species 
onto the exposed areas of the substrate and the mask and on 
the wails of the holes or cavities, thereby rendering them 
catalytic to the reception of metal, preferentially removing 
essentially ail of the catalytic species from the hydrophobic 
mask by contacting the substrate with a chelating agent in an 
alkaline solution having a pH between 10 and 14 for a time 
period sufficient to remove essentially all of said catalytic 
species from the mask, and then contacting the substrate with 
an electroless metal plating solution to metallize only the 
exposed catalytic areas of the substrate not protected by the 
hydrophobic mask. 
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This invention relates to forming a metal pattern on the 
surface of a substrate and to the products resulting there- 
from. More particularly, this invention relates to processes 
for forming metal patterns on insulating substrates suitable 
for the manufacture of printed circuit boards by metal plat- 
ing, e.g., by electroless metal plating, and for forming metal- 
lic interconnecting holes or cavities suitable for the manu- 
facture of wire scribed boards. 

It is wen known to apply an electroless metal plating to 
an insulating substrate such as plastic, by depositing a 
noble metal, activator or catalyst suitable for rendering the 
substrate receptive for etectroless metal plating, and then 
exposing the substrate to an electroless metal plating solu- 
tion. 

Various techniques have been used to form a circuit 
pattern on a desired circuit-forming area, including through- 
holes, on an insulating substrate by electroless metal plating 
including fully additive processes for obtaining conductive 
patterns by selective deposition of conductive material on 
an insulating substrate, wherein the entire thickness of con- 
ductors is built up by eiectroiess metal deposition. 

Plating processes have also been employed in the 
production of circuit boards with conductor patterns formed 
by insulated wires affixed to, or embedded in, an insulating 
substrate and provided with metallized through-holes or 
cavities. 

In one embodiment, the laminate substrate and the 
adhesive layer provided with the wire conductors both con- 
tain a catalyst for electroless deposition. A plating mask is 
applied before forming the holes or cavities to be metallized. 
The substrate is then immersed in an eiectroiess metal 
plating bath to deposit metal on the exposed areas. Finally, 
the mask is stripped, and the substrate is subjected to 
post-treating operations. 

Because the catalytic material constitutes only part of 
the substrate and adhesive layer, e.g., part of a reinforced 
e poxy-glass laminate substrate, its inherent catalytic effect 
is weak. Also, the electraiessry deposited metal coating 
tends to slowly cover glass fibers compared to resinous 
areas, and at times may contain voids in the metal layer 
where bundles of glass fibers exist at the hole wail surface 
in the substrate. Another additional difficult plating problem 
is encountered with respect to plating so called "Wind vias" 
which are cavities, having a diameter in the range of 160 to 
600 microns, extending from the surface and only partly 
through the substrate. 

The reliable manufacture of high-quality products has 
required extensive quality control primarily due to the fact 
that the precatar/zed laminate has low catalytic activity. To 
compensate for low catalytic activity on hole walls in the 
laminate, high activity plating baths have been used. Such 
plating baths are, however, difficult to control and tend to be 
unstable forming iridiscriminate metal deposits, Le.. copper 
dust particles suspended in the solution and dropping to the 
bottom of the bath tank. Copper dust particles will also 
deposit on the product These dust particles are incor- 
porated into the metal deposit formed interrupting the grain 
structure and forming nucJeatkxi sites for cracks, breaks or 
fissures in the deposited metal layer on the substrate sur- 
face or on hole walls. The breaks or fissures may be 
formed during metallization or during soldering or other 
operations in the course of the manufacture and use of 
such circuit boards. 



Voids in the copper layer forming the "wrap-around 
area" are an additional quality control problem of adoptively 
plated wire scribed boards where the wire is severed when 
the hole is formed. A "wrap-around area" forms when 
5 insulation surrounding the wire (e.g., a potyimide jacket) is 
etched back during a hole cleaning operation. The in sula- 
tton is etched back typically from about 0.005 mm to about 
0,5 mm from the intersection of the wire with the hole wall 
Then, this "wrap-around area" must be completely filled 
70 with a copper deposit which wraps around the wire where it 
intersects the hole walL It is essential that a void-free and 
crack-free layer of copper be deposited in this area to 
produce a reliable product Additive plating processes have 
also been employed for producing printed circuits on non- 
75 catalytic substrates. In one process, a mask pattern is laid 
down on the surface of an insulating substrata and the 
entire surface, including both the mask and the exposed 
substrate areas, is treated with an agent comprising cata- 
lytic species for promoting the electroless deposition of 
20 metal, and then with a metal deposition solution. Metal 
deposits both on the exposed substrate areas and on the 
mask-covered areas. The mask and the metal coating 
formed on the mask are subsequently removed to leave 
only the desired metal conductor pattern. In this process, 
25 the edges of the resulting conductors have a tendency to 
be ragged and hence resolution is not satisfactory for high 
conductor density applications. 

Another suggested process involves first sensitizing 
and activating thus rendering the entire surface of an in- 
30 sulating substrate receptive to electroless metallization be- 
fore applying a mask pattern. After the mask pattern is 
applied, the entire surface is treated with an electroless 
metal deposition solution. In this method, metal deposits 
predominantly on the exposed substrate areas. While reso- 
35 lution is good, this method has the serious disadvantages, 
e.g., in that sensitization and activation of the entire surface 
of the substrate produces a surface which tends to have a 
relatively low resistivity between conductors deposited 
thereon, and manufacturing handling problems, in that dur- 
40 ing the long processing sequence between activating and 
finally electrotessfy plating, the catalytic surface is highly 
sensitive to contamination, scratching, and the like which 
can result in defective circuits. 

Another additive plating process for a non-catalytic 
45 substrate is described in US-PS 4,388,351. According to 
such process, a printed circuit board is formed by applying 
a removable, negative pattern mask onto the surface of a 
non-catalytic substrate, forming micropores in the unmasked 
substrate areas corresponding the desired conductor pat- 
so tern, sensitizing the entire surface consisting of the exposed 
portion of the substrate and the masking layer, to provide it 
with species capable of catalyzing eiectroiess metal deposi- 
tion, optionally electrotessty depositing a thin porous flash 
metal deposit having a thickness of from 0,075 to 0,5 
55 microns, removing the mask and thereby the catalytic spe- 
cies and the flash etectroless metal deposited thereon, and 
etectrolessty depositing additional metal onto the flash de- 
posit remaining on the substrate. This process has the 
deficiency of poor control of conductor edge definition due. 
60 to the mask stripping operation. The areas next to the 
conductor edges were masked during adhesion promotion 
and are, therefore, devoid of micropores and catalytic sites. 
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When a thick copper buildup, e.g., about 35 microns, 
is required, copper adherently deposits on the center area 
of the conductor which has been adhesion promoted, and 
may have a width as small as 125 microns. The deposit 
grows sidewise about the same, La, about 35 microns on 
each side of the initial conductor trace. Thus, 70 microns of 
a conductor width of "195 microns are not securely bonded 
to the substrate. 

Still another additive plating process for a non-catalytic 
substrate is described in US-PS 3,799,816. According to 
this process, plated through-hole printed circuit boards con- 
taining thereon a printed circuit pattern are prepared by 
forming notes in an insulating substrate at predetermined 
points, applying a hydrophobic insulating mask on the circuit 
pattern leaving the holes exposed, contacting the substrate 
with an activator solution comprising stannous ions and 
precious metal ions to render the hole walls, but not the 
exposed surface of the hydrophobic mask, sensitive to the 
reception of electroJess metal, contacting the substrate with 
an electrotess metal deposition solution to preferentially de- 
posit etectroless metal on the exposed areas of the sub- 
strate including the note walls,, but not on the exposed 
surface of the hydrophobic mask, and treating the substrate 
with an etching solution a number of times to remove minor 
deposits of metal on the mask while leaving the electroJess 
metal deposit on the exposed areas substantially unim- 
paired. US-PS 3,44-3,988 proposes a process for prevent- 
ing deposition of electroJess metal on masks by applying 
materials capable of neutralizing surface imperfections 
present on masking resins. However, since printed circuits 
require a long plating time, deposition of metal on masks is 
not prevented by such process. 

US-PS 4,293,592 and 4,151.313 describe processes 
of preventing deposition of electrotess metal on masks by 
utilizing hydrophobic masks containing pigments or additives 
to inhibit metal deposition in combination with organic acid 
washing solutions to wash the activation from the mask. 

Incorporated in the epoxy resin-based mask composi- 
tions are materials which inhibit the deposition of the noble 
metal catalyst on the mask so that smaller quantities of 
noble metal are deposited on the surface of the mask and 
on the areas of the substrate corresponding the circuit 
pattern. According to this prior art technique, the masking 
material must contain a solid solution of oxides of titanium, 
nickel and antimony. In addition, the noble metal which 
does deposit on the mask must be removed with a solution 
of hydrochloric acid and ammonium persulfate. In accor- 
dance with US-PS 4.293,592 the masking material contains 
.2 to 20 parts by weight of inhibitors such as sulfur, . sele- 
nium, arsenic, zinc antimony, etc., or oxides or salts there- 
of. The noble metal which does deposit on the mask is 
removed with an aqueous solution of an organic acid and 
hydrochloric acid and/or nitric acid. 

These processes teach away from applicant's invention 
because even though they disclose the use of, inter alia, an 
alkaline accelerator solution, there is no suggestion of keep- 
ing such alkaline solution in contact with the substrate for a 
sufficient amount of time to remove essentially all catalyst 
species from the surface of the masks and by doing this 
avoid all other complicated steps. Accelerator solutions 
have been used in etectroless plating processes for many 
years. Their basic function is to complete the reaction 
between stannous chloride and palladium chloride present in 
the catalyzing solution,also referred to as the activator, and 
dissolve the resulting stannic tin. This results in active noble 
metal (palladium) sites on the circuit board substrate. At 
one time, some accelerator solutions comprised alkaline 
solutions containing complexing agents to dissolve the tin. 



However, acidic accelerators containing acids such as hy- 
drogen fluoride, dilute fluoroboric acid, ammonium brfluoric 
acid, perfluoric acid and oxalic acid, have been preferred. 
These acidic accelerator solutions leave in place the activa- 

5 tor sites contaminating the mask 

It is an object of this invention to provide an improved 
process for eiectrotessty plating a wire scribed circuit board 
having through-holes and/or Wind vias wherein a metal 
layer, e.g., copper, which is void-free and free of fissures or 

to breaks, is deposited on the hole walls and in the wrap- 
around area 

An object of this invention is to provide a process 
which does not rely on difficult to operate, highly active 
etectroless copper plating baths for forming connections in 
15 wire scribed circuit boards. 

Another object of the invention is to provide a process 
for selective etectroless deposition of metal on a printed 
wiring substrate in which activator deposited on a hydropho- 
bic mask and the surface of the board is selectively re- 
20 moved from the mask by treatment with an alkaline solution. 

Other objects and advantages will be set forth in part 
herein and in part win be obvious herefrom or may be 
teamed by practice with the invention and the appended 
claims. 

25 The invention is based on the discovery that an al- 

kaline solution containing a chelating agent selectively re- 
moves essentially all of the catalytic species deposited on a 
hydrophobic mask on the substrate without substantially 
reducing the catalytic activity in catalyzed areas of the 

30 substrate free of mask. 

It has further been found that such solution may, at the 
same time, serve as 'accelerator' enhancing catalytic activ- 
ity by removing tin from a palladium-tin activator in the 
exposed areas of the substrate surface. 

35 It is surprising and unexpected that the same solution 

which , acce^erates , and thereby enhances the activity of the 
palladium activator remaining substantially undisturbed on 
the substrate also removes palladium activator from the 
hydrophobic mask. 

^o It has been found that exposure to certain alkaline 

solutions comprising chelating agents as accelerators for a 
predetermined time period (1) is sufficient to remove essen- 
tially all of the catalytic species sites deposited on an 
insulating hydrophobic mask, with the remaining surface 

45 concentration preferably being 0,002 mg/cm2 or less, and 
(2) does not sufficiently reduce the concentration of catalytic 
species sites on unmasked substrate surface areas and on 
walls of holes and/or blind vias to cause plating problems, 
e.g., the formation of voids during subsequent metal plating. 

50 The invention comprises a process for selective metal- 

lization of insulating substrates comprising the steps of 
applying a hydrophobic masking layer to said substrate, said 
masking layer covering all areas not to be metallized and 
leaving exposed areas to be provided with a metal deposit; 

55 contacting the substrate provided with said masking layer 
with an agent comprising species capable of promoting 
metal deposition; treating the said, substrate and masking 
layer with a solution for removing catalytic species from the 
surface of the masking layer; and contacting the substrate 

60 with a solution capable of etectrolessly forming metal depos- 
its on the unmasked areas of said substrate, characterized 
in thai said solution for removing catalytic species from the 
surface of said masking layer comprises a chelating agent 
for the catalytic species and has a pH of between 10 and 

65 14; and that the surface is exposed to said solution for a 
time sufficient for removing essentially all the catalytic spe- 
cies from the masking layer and leaving catalytic species on 
unmasked portions of the substrate. 
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It was further found that said time period can be 
shortened by agitation and that the time in the alkaline 
solution required to remove essentially all of the catalytic 
species sites deposited on the mask is proportional to the 
degree of solution agitation. 

With vigorous stirring, 5 to 20 minutes immersion in the 
alkaline solution of the invention acting at the same time as 
accelerator is effective for removal of the catalytic sites from 
the mask, but the formation of an initial electroless metal 
deposit is slowed down with extended exposure as dis- 
cussed below. For example, an initial electroless copper 
deposit was found to appear in 5 minutes if an epoxy glass 
panel was immersed for 10 minutes in the vigorously stirred 
alkaline accelerator solution; and in 10 minutes if the pannel 
was immersed for 20 minutes in said vigorously stirred 
accelerator solution. In an alkaline accelerator solution 
which is not stirred, 30 minutes immersion of the panel is 
preferred to remove the catalyst from the surface of the 
mask; and adhesive coated insulating substrates can be 
immersed for up to 2 hours in a still alkaline accelerator 
solution with only a slight increase in the time required for 
formation of the initial electroless metal layer in the un- 
masked areas. 

A cleaner-conditioner solution known in the art may be 
advantageously used according to this invention to dec- 
rease the substrate surface including wails of the notes and 
render such surfaces receptive to the deposition of catalytic 
species. 

Briefly, this invention provides , in one aspect, an 
improvement in a process for depositing metal on a wire 
scribed circuit board having at teast one insulating wire 
affixed to a surface of a substrate or embedded therein and 
having at least a portion of the surface of the substrata 
covered with a hydrophobic mask and having at least one 
hold and/or blind via in the : substrate and intersecting the 
wire wherein the walls of the hole and/or blind via and the 
intersected wire am metallized by metal deposition, the 
improvement comprising contacting the surface of the sub- 
strate including said walls with a catalyst solution comprising 
an agent suitable for rendering exposed surfaces receptive 
to metal deposition; contacting the entire surface including 
said hole walls and said hydrophobic mask with an alkaline 
solution, preferably an accelerator solution comprising a 
chelating agent for a time period sufficient to selectively 
remove substantially all of the catalyzing sites, e.g., the 
noble metal sites, from the hydrophobic mask surface, while 
leaving adequate catalytic sites in the unmasked areas and 
preferably accelerating the catalytic sites on said walls, said 
solution having a pH of between 10 and 14; and depositing 
a metal layer on the catalyzed surface of said walls. 

In another aspect this invention provides an improved 
process for producing printed circuit conductor networks on 
surfaces of an insulating substrate by electroless metal 
plating, which substrate optionally includes one or more 
holes or cavities for electrical connections, said process 
including the steps of applying a hydrophobic and insulating 
mask onto a surface of the substrate, whereby portions of 
the surface are left unmasked and exposed; contacting with 
a catalyst comprising an agent capable of promoting metal 
deposition on the mask and any unmasked portion of the 
substrate surface including walls of holes or cavities, if 
present contacting the entire surface of the substrate and 
mask with an accelerator solution; removing the catalytic 
species from the surface of the mask; and contacting the 
substrate surface with an electroless metal plating solution 
to form an electroless metal plating on the unmasked por- 
tion of the substrate surface and on the walls of the holes; 
the improvement comprising using as the accelerator solu- 



tion a chelating agent in an alkaline solution having a pH of 
between to and 14, and contacting "the substrate surface 
with such alkaline accelerator solution for a time period 
sufficient to remove essentially all the catalytic species from 
5 the surface of the mask and leave catalytic species on the 
unmasked portion of the substrate surface and on the walls 
of the holes. 

Although the invention will be described principally in 
terms of the production of plated through-hole wire scribed 
W boards, printed circuit boards and other metallized products 
advantageously may be produced by following the teachings 
herein. 

Circuit boards produced according to this invention use 
certain insulating and hydrophobic masks which repel and 

t5 substantially are not wetted by activating and/or sensitizing 
solutions commercially used in the production of printed 
wiring boards. As a result when such mask surfaces con- 
tact such solutions, they are rendered receptive to elec- 
troless metal deposition to a lesser degree than unmasked 

20 boards. 

The term 'activator' is used in the sense recognized by 
those skilled in the art of electroless plating to contemplate 
means to render a non-conductive material receptive to the 
electroless deposition of a metal. Synonyms are 'seeder 1 , 

25 'catalyst' or 'sensitizer'. Most frequently, palladium- 
containing solutions are used commercially as activators. 

The term 'hydrophobic' as used herein, genetically 
refers to any resinous or plastic material which is not wetted 
by the solutions employed in the art to render insulating 

30 substrates catalytic to the reception of electrolessly depos- 
ited metal 

Wire scribed circuit boards may be prepared by the 
procedure described m US-PS 3,646,572; 3,574,914 and 
4,097,864. In such procedure, insulated wire circuit patterns 

35 are scribed on the substrate surface provided with an 
adhesive layer, both, the substrate and the adhesive com- 
prising a component catalytic to electroless deposition of 
metal. Typically, the wire is a 0,06 to 0,16 mm diameter 
copper wire insulated with a 0,01 mm thick polyimide jacket 

40 After the wiring step, a layer of glasss cloth impreg- 

nated with epoxy resin and typically containing a catalytic 
filler is laminated over the wire scribed circuit pattern. The 
board is then coated with a hydrophobic mask, typicafly a 
polyethylene film. Holes are drilled through the mask into 

45 the panel cutting through the scribed wire in locations where 
electrical connection to said wires are required. 

Resin smear formed on the wire face at the intersec- 
tion of the wire with hole wall is removed by an oxidizing 
solution, and the insulation on the wire is etched back to 

so expose a small portion of the copper wire. Then, the hole 
walls are treated sequentially with a cieaner-condrtioner 
solution, an activator solution and an accelerator solution. 

The hydrophobic mask substantially prevents the sur- 
face from being rendered as sensitive to electroless metal 

55 deposition as the unmasked hole wails. Activator thus is ' 
deposited on the hole walls in more than two, preferably 
more than five times, the concentration that it is deposited 
on the mask due to differences in wettability of their respec- 
tive surfaces by the activator solution. The surface of the 

60 substrate and the hole walls are then treated with an 
alkaline accelerator of this invention which not only acceler- 
ates the activator deposited on the hole wails, but also 
removes the activator deposited on the mask. After a rins- 
ing step, the substrate is contacted with an electroless 

65 metal deposition solution to metallize the wails of the holes. 
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The metal deposit can be built up to the required thickness 
by etectroless deposition alone, or, when the conductor 
pattern is suitable, the initial eiectroless plating can be 
followed by electroplating. 

Instead of using the solution acting as accelerator and 5 
removing activator from the masking surface, a separate 
alkaline chelating solution may be used for removal of 
activator from the mask surface prior to or after a conven- 
tional accelerator solution treatment 

In another embodiment of the invention, a printed cir- 70 
curt pattern is formed on an insulating substrate using a 
hydrophobic mask. Holes are optionally provided in the * 
substrate by any method such as by drilling, piercing or 
punching. The substrate may be treated to adhesion pro- 
mote its unmasked portions and/or remove any resin is 
smears from hole walls. Treatment with an oxidizing solution 
is the preferred method to adhesion promote the unmasked 
portions and/or remove any resin smears. Then, the surface 
of the substrate and the hole walls are trated with a 
cleaner-conditioner solution to condition the adhesion pro- 20 
moted surface including the hole walls to receive the ac- 
tivating solution. After the substrate is rinsed, it is contacted 
with the activator solution, e.g., a palladium-tin activator, to 
catalyze the conductor pattern and the walls of the holes to 
the reception of eiectroless metal. As discussed above, the 25 
hydrophobic mask substantially prevents the masked portion 
of the surface from being rendered as sensitive to eiec- 
troless metal deposition as the unmasked portion of the 
surface and the hole walls. The subsequent treatment with 
an alkaline accelerator solution of this invention not only 30 
accelerates the activator deposited on the unmasked por- 
tions of the substrate and the note walls, but also removes 
the activator deposited on the mask. The required conduc- 
tors are then formed by eiectroless metal deposition. 

Suitable hydrophobic resins for mask compositions in- 35 
elude silicone resins, polyethylene resins, fluorocarbon res- 
ins, e.g., porytetrafluoroethyiene, polyurethane resins, acrylic 
resins, and mixtures of the foregoing. The rrydraphobic 
resins may be used by themselves, but preferably they are 
used in combination with other resinous materials, for exam- ao 
pie, any of the resins known in the art for use as the 
insulating substrate, in an amount sufficient to provide the 
composition with hydrophobic characteristics. Particularly 
useful hydrophobic masks may be produced by combining 
epoxy novolak resins to obtain a smooth, glossy surface 45 
after curing. 

The processes of the invention contemplate the use of 
a substrate having a surface comprising an adherent re- 
sinous layer, suitable for treatment to form a hydrophilic, 
microporous surface. 50 

Cleaner-conditioner solutions are well known in the art 
and are used to remove light oils, fingerprints, and other 
surface contaminants and to condition hole walls for activa- 
tion and eiectroless copper plating. 

An alkaline solution of this invention containing the 55 
chelating agent(s) and having a pH between to and 14 
may be prepared by well known techniques such as adding 
the chelating agent and sufficient sodium or potassium 
hydroxide to an aqueous solution to produce the desired 
pH. Suitable chelating agents may be selected from among 60 
amino acids, alkanolamines and polyfunctionaJ carboxyiates. 

Suitable amino acids include glycine and nitriiotriacetic 

acid. 

Suitable alkanolamines include hydroxyethyteriediamine 
triacetic acid (HEDTA), a salt of HEDTA and ethylene 65 
diamine tetrapropanoL 

Suitable potyfunctional carboxyiates include citrates and 
tartrates. 



The chelating agent is present in the alkaline solution 
in an amount greater than about 0,01 % by weight, prefer- 
ably greater than about 0,1 % by weight and more prefer- 
ably greater than about 0,4 % by weight of the alkaline 
solution. The chelating agent also is present in the alkaline 
solution in an amount less than about 10 % by weight 
preferably less than about 5 % by weight and most prefer- 
ably less than about 2 % by weight of the alkaline solution. 

The following examples illustrate processes in accor- 
dance with the invention. 



Wire sribed panels were prepared by coating a layer of 
glass cloth impregnated with B-staged epoxy containing 
catalytic filler on both sides with catalytic adhesive 0,1 mm 
thick. This was laminated to a sheet of catalytic epoxy glass 
laminate 1,6 mm thick. Wire circuit patterns were scribed 
on the adhesive surface using 0,16 mm diameter copper 
wire coated with 0,01 mm thick polyimide insulation. After 
the wiring step, a layer of glass cloth impregnated with an 
epoxy resin containing a catalytic filler was laminated by 
heat and pressure over the wire scribed circuit pattern. The 
panels were coated on both surfaces with a polyethylene 
film bonded by a pressure sensitive adhesive.- Holes, 1,17 
mm in diameter, were drilled through the panels intersecting 
and cutting through the scribed wire at points where elec- 
trical connections were to be made. Next resin smear, 
formed on the wire where the wire end forms part of the 
hole wall, was removed by immersion for i hour at 60 °C in 
a permanganate oxidizing solution containing 60 g/1 of 
KMnO, and 0,2 g/1 of fluorinaied alkyl carboxylate at a pH 
of 12,5, using a standard rack agitator operating at 35 
cycles per minute, each ; "ycle consisting of a 50 mm 
reciprocating stroke. 

After the resin smear removal, neutralization of the 
permanganate was accomplished by immersion for 3 min- 
utes in an aqueous solution of stannous chloride, 30 g/1, 
and hydrochloric acid, 330 ml/1, followed by immersion in a 
solution of stannous chloride, 3 g/1, and hydrochloric acid, 
330 ml/l for another 3 minutes. After rinsing with water to 
remove the neutralizing solutions, the board was then im- 
mersed for 20 minutes at 60 °C, using the same rack 
agitation conditions described above, in an alkaline solution 
comprising 150 g/1 of NaOH and 1 g/1 of paranonyl- 
phenoxy-poiyglycidol surfactant: followed by vigorous rinsing 
with water. 

The thus treated board was then immersed in 40 g/1 of 
an alkaline cleaner-conditioner for 5 minutes at 60 °C and 
agitated as described above. After rinsing with water, the 
board was immersed in a sodium persulfate solution (60 g/I 
± 5 g/l) at a pH of 2,0 to 2,5 at 40°C for between 2 1/2 
and 3 minutes under the same rack agitation conditions 
described above, rinsed with water again, followed by im- 
mersion in a 100 m/1 solution of sulfuric acid, and rinsed 
again in water for about 3 minutes. 

The board was then immersed for 2 minutes in a 
predip solution containing 5 g/1 of stannous chloride and 
200 g/1 of sodium chloride and having a pH of up to 0,5 
under the rack agitation conditions previously described. 
This procedure was followed by activating in a solution of 
Pd (0,15 g/1), Sn (11 g/l), CI (145 g/I) and adjusting the pH 
at less than 0,5 by adding 32 ml/I of the solution prepared 
according to Example 1 of US-PS 3,961.109 to 970 ml of a 
200 g/l sodium chloride brine for 5 minutes at a temperature 
of between 22°C and 25 °C under the same rack agitation 
conditions previousry described. 
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After rinsing in water, the board was immersed in the 
alkaJine accelerator solution containing 3,0 g/l of NaOH, 
11,25 ml/] of a 41% solution of hydrox- 
yethylenediamrnetriacetate (HEDTA), and an organic phos- 
phate wetting agent, nonyl phenoxy poryglycidyi phosphate, 
for 5 minutes with vigorous stirring of the accelerator solu- 
tion and under the same rack agitation conditions described 
above. The re suiting board was rinsed in water and etec- 
troiessiy plated as described betow. 

The board was immersed in an etectroless plating bath 
solution containing 8 g/l of CuSO«-5H f O t 3,5 to 4,0 ml/l of 
HCHO, 35 g/l of Na EDTA and 0,14 ml/1 of nonyl phenoxy 
poryglycidyi phosphate and 0,05 millimoles/l of cyanide (as 
measured by Orion Cyanide Ion Specific Electrode). The 
bath temperature was 70-72 °C and the pH between 12,0 
and 12,1 (measured at 25°C). During electroless deposi- 
tion, the board was constantly agitated using a rack agitator 
operating an 30 cycles per minute, each cycle consisting of 
a 50 mm reciprocating stroke. 

After about 20 hours, the board was removed from the 
copper bath solution and rinsed with water. The wired 
circuit board obtained had a uniform and smooth copper 
deposit on the walls of the holes. The copper was free of 
voids and nodules. Essentially no detectable copper dust 
particles or flecks were deposited on the polyethylene mask. 

The polyethylene mask was stripped and the board 
subjected to conventional post plating operations, such as 
mechanical treatments, baking, cutting to size and drilling 
mounting holes. 

EXAMPLE 3 



The procedure of Example 1 was repeated six times 
except as follows: 

1. Following the smear removal and neutralization 
treatments, each board was immersed in an aqueous 
cleaner-conditioner solution for 6 min. at 60 °C using a rack 
agitator operating at 35 cycles per minute, each cycle 
consisting of a 50 mm reciprocating stroke. This cleaner- 
conditioner solution contains 5,0 g/l triethanoJamine, 3 g/l of 
a quaternary ammonium surfactant and 4,0 g/l of a nonyl- 
phenoxypoiygrycidol surfactant at a pH of 10,8. 

2. Each board was rinsed in ambient running water for 
5 minutes. 

3. Each board was immersed for 1 minute at ambient 
temperature in a mild copper etching solution comprising 60 
g/l sodium persulfate and sulfuric acid to pH 2,5 and using 
the rack agitation conditions described in step 1 above. 

4. Each board was rinsed in running water for 5 
minutes. 

5. Each board was immersed for i minute in a deoxi- 
dizing solution comprising 900 ml/1 water, 100 ml/1 sulfuric 
acid and using the rack agitation conditions described in 
step 1 above. 

6. Each board was rinsed in running water for 5 
minutes. 

One board, designated A, was processed directly in 
the electroless copper solution of Example 1. The other frve 
boards, designated B, C, D, E and F, were treated accord- 
ing to the following procedure: 

7. Each board was immersed 3 min. at ambient tem- 
perature in an acidic solution of 5,0 g/l tin chloride dissolved 
in a 200 g/l sodium chloride brine. 



8. Each board was immersed for 10 min. at 40 °C in 
the palladium-tin-chloride solution of Example 1 and using 
the rack agitation conditions described in step i above, 

9. Each board was rinsed in running water for 5 
5 minutes. 

Board B was treated with a conventional aqueous 
acidic accelerator solution by immersing for 2 min. in dilute 
aqueous fiuoroboric acid solution with mild stirring and using 
the rack agitation conditions described in step 1 above. The 
70 accelerator solution was mildly stirred using the two-speed 
mixer described above in Example i operating between 600 
and 1000 revolutions per minute. Board B was then rinsed 
in running water for 5 min. and immersed in the etectroless 
copper plating bath solution. 
75 Boards C, D, E and F were treated with the alkaline 

accelerator solution of Example 1 . This accelerator solution 
was vigorously stirred and the panels agitated using the 
rack agitation conditions described above in step 1. 

Board C was immersed in this alkaJine accelerator 
20 solution for 1 1/2 minutes. 

Board 0 was immersed for 3 minutes. 

Board E was immersed for 5 minutes. 

Board F was immersed for 10 minutes. 

After the alkaline accelerator treatment, boards C, D, E 
25 and F were all rinsed in running water for 5 minutes and 
then placed in the electroless copper plating bath disclosed 
in Example 1. 

After 5 minutes in the electroless copper plating bath, 
all the boards were examined. Board A had no copper 

30 plating. Board B had a copper film through the holes but 
approximately 30% to 40% of the polyethylene mask was 
also coated with electrolessly deposited copper. Boards C, 
D and E each had a film of copper plating on the hole 
walls. Board F had apparently no copper plating. 

35 Board C, which had been immersed for 1 1/2 minutes 

in the alkaline accelerator, had some copper plated on the 
polyethylene mask. 

Board D, which had been immersed in the alkaline 
accelerator for 3 minutes, had slight plating on the mask. 

40 Board E, which had been immersed in the alkaline 

accelerator for 5 minutes, had a clear mask surface. 

The boards were removed from the copper plating bath 
after 5 hours and examined again. In board A, the copper 
was growing on the epoxy in the hole but had not yet 

46 knitted over the glass fiber bundles, and over the adhesive 
layer that is, there were still a large number of voids in the 
copper deposit 

In board F, although there were still some voids over 
fiber bundles, the copper had already completely covered 

so the epoxy portions of the hole walls and the adhesive layer. 
The B, C, D and E boards all had approximately 8 microns 
of copper uniformly throughout the holes. Board B also had 
8 microns of copper on the surface of the polyethylene 
mask while boards C and D had a slight copper deposit on 

55 the polyethylene mask. Board E had no deposit at all on the 
polyethylene mask. 

These results are summarized in the Table betow: 
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Electroless 
Board Plating Catalyst 



Accelerator 
Solution 



Through Ex t r an eou s 
Hole Plating 
Plating on Mask 



Catalytic laminate 



B ' Catalytic laminate 
and activator sol. 

C Catalytic laminate 
and activator sol. 

D Catalytic laminate 
and activator sol. 

E. Catalytic laminate 
and activator sol. 

F Calatylic laminate 
and activator sol. 



1 min . acidic 
mild stirring 



Poor 



Good 



1,5 min. alkaline Good 
vigorous stirring 

3 min. alkaline Good 
vigorous stirring 

5 min. alkaline Good 
vigorous stirring 

10 min. alkaline Fair 
vigorous stirring 



Satisfactory: 
no copper 

40% copper 
coverage 

21% copper 
coverage 

Fair: trace 
of copper 

Satisfactory: 
no copper 

Satisfactory: 
no copper 



25 



examples 

30 

The procedures of Example 2 were repeated except 
that the smear removal was accomplished by treating at 
60 °C for 60 minutes with the following solution: 



KMn0 4 15,0 g/i 
Fluorinated alkyl 

carboxy late 0,2 g/ 1 

pH 12,6 



followed by neutralizing, rinsing and treating with 50% 
NaOH at 95 °C for 20 minutes. 

Essentially the same results were obtained except that 
the copper build-up over the fiber bundles in boards B, C, 
D and B for this Example was thicker than for correspond- 
ing boards B t C, D and E of Example 2. 

The procedure of Example 2, board E, was repeated 
for boards designated A, B, C and 0 except that the 
accelerator solution was still, i.e„ not stirred, and the immer- 
sion time in said accelerator solution was 15. 30, 60 and 90 
minutes, respectively. 

After 60 minutes in the electroless copper bath, boards 
A, B, C and D were examined. 

Board A had continuous copper plating through the 
holes but approximately 50% electroless copper coverage 
of the polyethylene mask. 

Board B also had continuous copper plating through 
the notes with no electroless copper plating on the polyeth- 
ylene mask. 



In board C, there were small voids in the copper 
plating on the hole walls and no copper on the polyethylene 
mask. 

In Bord D, there was virtually no copper plating 
through: the holes and none on the polyethylene mask. 

EXAMPg- ? 



This Example describes the manufacture of an additive 
printed circuit board. 

Two catalytic, glass cloth reinforced, flame retardant 
epoxy substrates, each 1,5 mm thick, were prepared by the 
procedure of Example 10 of US-PS 3,600,330. The cata- 
lytic substrates were coated on both sides with the catalytic 
adhesive described in Example 9 of US-PS 3,779,758. This 
adhesive had a film thickness of 25 urn. The adhesive 
coated substrates were drilled with the hole pattern for a 
plated, through-hole, printed wiring board An epoxy resist 
image mask leaving exposed the desired conductor pattern 
was printed on both sides of each of the adhesive coated 
substrates. The substrates were adhesion promoted in chro- 
mic acid solution, neutralized and rinsed. One of the adhe- 
sive coated substrates thus treated was placed directly in 
the electroless copper bath described below, as a control. 
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The other substrate was treated with the alkaline cieaner- 
condi tioner, rinsed, pre-dipped, activator-treated, rinsed and 
immersed for 5 min.in the alkaline solution acting as accel- 
erator and catalyst remover and rinsed, ail steps as in 
Example 2. Both substrates were immersed in an etec- 
troless copper plating solution of the following formulation: 



Copper sulfate 

Formaldehyde 

Ethylenediaminetetra- 

acidic acid 
Cyanide ion activity 
Alky lphenoxypolyglyc idyl 

phosphate 
Temperature 



0,025 moles/1* 
0,4 moles/1, 

0,07 moles/1. 
0,025 millimoles/l, 

0,05 millimoles/1. 
60°C 



After 15 minutes plating, the control substrate had no 
copper deposited thereon while the substrate treated with 25 
the activator and accelerator solution had 75% of the hole 
wails plated and 95% of the surface conductor pattern 
plated. There was no plating on the mask area 

After 90 minutes plating, the control substrate had 
approximately 5% of the hole walls plated and about 60% 30 
of the surface conductors plated white the substrate treated 
with the activator and accelerator solutions according to the 
invention had 100% coverage on the hole walls and 100% 
coverage on the surface conductors. There was still no 
plating on the resist mask. After 24 hours plating of the 35 
panel treated with the activator and accelerator, the conduc- 
tor pattern was completely covered with 35 pm of copper 
and there was no deposit of copper on the resist mask. 

EXAMP15 8A 40 



The following Example illustrates the application of the 
invention to substrates that do not contain catalytic filler. 

A wire scribed circuit board was prepared according to 45 
the procedure disclosed in US-PS 3,674,914. A prepreg (a 
sheet of glass cloth impregnated with epoxy, resin) was 
coated on both sides with a non-catalytic adhesive and 
laminated to a sheet of non-catalytic epoxy glass laminate 
1,6 mm thick. Wire circuit patterns were scribed on the 50 
adhesive surface using insulating wire with an overall diam- 
eter of 0,186 mm. After the wiring step, a layer of non- 
catalytic prepreg was laminated by heat and pressure over 
the wire scribed circuit pattern. The board was then coated 
on both sides with a rrydrophobic polyethylene film by 55 



means of a pressure sensitive adhesive. Holes, 1,17 mm in 
diameter, were drilled through the board intersecting and 
cutting the scribed wiring pattern at points where electrical 
connections were to be made. The hole walls were chemi- 
cally cleaned as described in Example 1 above, and, after 
rinsing, were prepared for electroiess copper plating by the 
following procedure: 

1. The board was immersed in an alkaline cleaner- 
conditioner solution for 5 minutes at 55 °C with rack agita- 
tion as described in step 1 of Example 2. 

. 2. The board was rinsed for. 3 minutes in running 
water. 

3. The board was immersed in 60 g/l sodium persulfate 
solution. 

4. The board was rinsed for 3 minutes in running 
water. 

5. The board was immersed in a solution containing 
1 00 ml/1 sulfuric acid 

6. The board was rinsed for 3 minutes in running 
water. 

7. The board was immersed in an acidic predip solu- 
tion of 5 g/J tin chloride dissolved in a 200 g/l sodium 
chloride brine. 

8. The board was immersed for 5 minutes in an 
activator solution containing 150 mg/l palladium, prepared 
by dissolving 32 ml of the concentrate solution of ExampJe 
1, US-PS 3,961,109 in 1 liter of acidic predip solution. 

9. The board was rinsed for 3 minutes in running 
water. 

10. The board was immersed for 5 minutes in an 
alkaline accelerator solution of the following composition: 
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the balance being water, using the rack agitation conditions 
described in step i erf Example 2, and vigorously stirring 
using the two-speed mixer described in Example 1 operating 
between 1200 and 1600 revolutions per minute. 

11. The board was rinsed tor 3 minutes in running 
water. 

12. The board was immersed in the eiectroless copper 
plating solution of Example 1 . 

After three hours in the copper plating solution, the 
board was examined. 

There was a copper layer of 8 urn which was void-free 
and free of fissures and breaks, plated uniformly on the hole 
walls. The polyethylene mask on the surface was com- 
pletely free of copper deposits. 

BCAMPLg §B 



Example 6A was repeated except that as the alkaline 
cleaner-conditioner, the cleaner-conditioner of Example 2 
was used. 

EXAMPLE 7 



This Example illustrates the importance of the alkaline 
accelerator comprising a chelating agent 

Three wire scribed circuit boards designated A, B and 
C, were prepared. An epoxy-glass prepreg sheet, which 
had dispersed throughout a catalyst for eiectroless metal 
deposition, was coated on both sides with an adhesive also 
containing a catalyst tor electrotess metal deposition and 
bonded to a sheet of catalytic epoxy-giass laminate of 1,6 
mm thickness. Wire circuit patterns were scribed on the 
adhesive surface using insulated wire with an overall diam- 
eter of 0,186 mm. A layer of catalytic prepreg was lami- 
nated by heat and pressure over the wire scribed circuit 
pattern. Each board was then coated on both sides with a 
polyethylene film by means of a pressure sensitive adhesive 
and holes, 1,17 mm in diameter, were drilled through each 
board where required. These holes exposed some of the 
catalyst contained in the laminate and in the adhesive. The 
holes were chemically cleaned as described in Example i 
above and, after rinsing, were prepared for eiectroless cop- 
per plating by the following procedure: 

1. Each board A, B and C was treated according to 
the procedures set forth in steps 1 to 9 of Example 6A. 

2. Board A was immersed for 5 minutes in the alkaline 
solution described in Example 6A, using the rack agitation 
conditions described in step 1 of Example 2 and vigorously 
stirring using a mixer operating between 1200 and 1600 
revolutions per minute. 



3. Board A was rinsed for 3 minutes in running water. 

4. Board A was immersed in the electrotess copper 
plating solution of Example 1. 

5. Board B was immersed for 5 minutes in a conven- 
5 tional acidic accelerator solution of 110 ml/l fluoboric acid 

and 10 ml/1 of hydroxy ethylene diaminetriacetic acid 
(HEDTA) and using the rack agitation conditions described 
in step 1 of Example 2. 

6. Steps 3 and 4 above were repeated for board B. 

w 7. Board C was immersed for S minutes in an acidic 

accelerator solution of 200 g/l sodium chloride and 10 ml/1 

hydrochloric acid and using the rack agitation conditions of 

step 1, Example 2. 

8. Steps 3 and 4 above were repeated for board C. 
15 After 5 minutes of eiectroless copper plating, board A had a 

uniform copper film on the hole walls, but there was no 

copper deposit on the surface. 

After 5 minutes of eiectroless copper plating, boards B 

and C had a uniform copper film on the hole wails. How- 
20 ever, 75% of the surface of the polyethylene mask was 

also covered by a uniform copper film. 

After 3 hours plating, board A had 8 urn of copper 

plated on the note walls and no copper deposited on the 

surface of the polyethylene resist 

25 

EXAMPLE QA 



In order to quantify the removal of palladium from the 
30 hydrophobic mask surface, the following test was per- 
formed: 

• Four epoxy-glass substrates were prepared with a 
polyethylene resist film bonded to both surfaces thereof. No 
holes were drilled in the substrate. Three substrates were 
35 treated following the procedures of >teps 1 to 9 of Example 
6A. A first substrate was then treated in the alkaline accel- 
erator solution of Example 6A as described in the said 
Example. 

- A second substrate was treated in the acid accelera- 
40 tor solution of step 5 of Example 7 and as described 

therein. 

- A third substrate received no further treatment 

- A fourth substrate was designated as a control and 
received no further treatment at all. 

45 The edges of ail four substrates were trimmed so that 

of the total surface exposed to palladium activator, only the 

polyethylene surfaces remained. 

The substrates were each soaked in an aliquot of 

acqua regia to strip off palladium from the polyethylene 
50 resist The aqua regia aliquots were analyzed by Atomic 

Absorption Spectrophotometry with the following results: 
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The palladium analysis of the control and board No. 1 
shows the lower limit of the test method, i.e., the method 
cannot detect any difference between 0,001 mg/crn 2 and 0 
mg/cm.2 

This illustrates that the alkaline accelerator treatment is 
effective in reducing the palladium absorbed on a hydropho- 
bic surface to a level approximating the control which was 
not treated with a palladium activator. The acid accelerator 
is not effective in removing palladium from the hydrophobic 
surface. 
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Example 8A was repeated with two substrates being 
prepared for each condition. One of the substrates was 
eiectroiessry plated with copper using the eJectroless copper 
plating bath solution of Example 5, and another of the 
substrates was analyzed for palladium on its surface. Also, 
Example 8A was repeated with two substrates as described 
above except that the immersion in the alkaline accelerator 
was for 2 minutes. The results are set forth in the Table 
below: 



75 TABLE 



Selective Seeding 



Area (cm 2 ) mg/1 



Plating on 
mg/cm 2 Surface 



Control 

No acceleration 

Fluoroboric acid 
accelerator 

2 min. alkaline 
accelerator 

5 min. alkaline 
accelerator 



186 
198 

208 

206 

202 



0,08 
1 ,92 



0 

0,0097 



none 
75 % 



1 ,44 0,0069 100 % 



0,30 0,0015 5 % 



0,20 0,0010 none 



As shown in the Table above, after acceleration, the 
amount of palladium left on per cm* of the resist should be 
below 0,002 mg/cm2 to avoid subsequent deposition of 
eiectroless metal on the resist surface. 

Claims 

1. Process for selective metallization of insulating sub- 
strates comprising the steps of applying a hydrophobic 
masking layer to said substrate, said masking layer covering 
all areas not to be metallized and leaving exposed areas to 
be provided with a metal deposit contacting the substrate 
provided with said masking layer with an agent comprising 
species capable of promoting metal deposition; treating said 
substrate and masking layer with a solution for removing 
catalytic species from the surface of the masking layer; and 
contacting the substrate with a solution capable of eiec- 
troiessry forming metal deposits on the unmasked areas of 
said substrate,' characterizedin that said solution for re- 
moving catalytic species from the surface of said masking 
layer comprises a chelating agent for the catalytic species 
and has a pH of between 10 and 14; and that the surface 
is exposed to said solution for a time sufficient for removing 
essentially all the catalytic species from the masking layer 
and leaving catalytic species on unmasked portions of the 
substrata 

2. The process of claim 1, characterized in that said 
solution comprising the chelating agent at the same time 
enhances the catalytic activity of said catalytic species on 
unmasked portions of the substrate. 



35 

3. The process of claim 1, characterized in that said 
solution comprising the chelating agent is agitated when in 
contact with the substrate. 

4. The process of claims 1 to 3, characterized m that 
40 said chelating agent is selected from amino acids, al- 

kanoiamines and potyfunctionaJ carboxylates 

5. The process of claim 4, characterized in that the 
amino acid is selected from hydroxy-ethyleneGjamine tri 
acetic acid and salts thereof, glycine and nim'totriacetic acid. 

45 6. The process of claim 4, characterized in that said 

alkanoiamtne is selected from hydroxy-etriyienediamine 
tetraacetic acid and salts .thereof and ethylene * diamine 
tetrapropanoJ 

7. The process of claim 4, characterized in that said 
so poryfunctional carboxylate comprises a citrate or a tartrate. 

8. The process of claim l, characterized in that the 
agent comprising species capable of promoting metal, depch 
sition is a solution comprising palladium, tin and chloride. 

9. The process of claim 8, characterized in that the 
55 palladium concentration left on the masking layer after treat- 
ment with said solution comprising the chelating agent does 
not exceed 0,002 mg/cm* 

10. The process of claim i, characterized in that prior 
to exposure to the agent comprising species capable of 

50 promoting metal deposition the substrate and masking layer 
are exposed to a deaner-conditioner solution. 

11. The process of one or more of claims 1 to 10, 
characterized in that said masking layer comprises a resin 
selected from epoxy novolac silicones, polyethylene resins, 

65 fluorocarbon resins, polyurethane resins, acrylic resins and 
mixtures of the foregoing. 
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12. The process of claims 1 to 11, characterized in 
that the substrate is provided with at least one hold and/or 
blind via cavity, the walls of said note or cavity not being 
covered by said masking layer. 

13. The process of claim 12, characterized in that the 
unmasked areas of the substrate and/or note pattern walls 
constitute a printed circuit pattern or part of such pattern. 

14. The process of claim 12, characterized in that the 
substrate is provided with at least one wire scribed conduc- 
tor affixed to the surface or embedded in said substrate and 
with at least one hole intersecting or exposing said wire 
conductor. 
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